are disrupted following the reorganization of a "disordered" histone-DNA complex into a structure consisting of physiologically spaced nucleosomes. Thus, we demonstrate that chromatin structural transitions can have dominant and specific effects on transcription.
Class III genes have been useful in assessing the effects of chromatin structure on transcription (5, 17, 21, 23, 30, 35, 42, 48, 53, 56, 57) . It is generally accepted that the assembly of chromatin onto a plasmid DNA molecule containing a class III gene will inhibit the transcriptional activation of that gene. How and why transcription is inhibited is not understood.
It was originally thought that the prior association of transcription factor TFIIIA with 5S DNA would prevent the repression of transcription attributed to chromatin assembly (23) . More recent work has indicated that a complete transcription complex (11) is much more resistant to chromatinmediated repression than is TFIIIA alone (17, 42, 53) . Nevertheless, at high densities of nucleosomes, transcription is inhibited even from a complete preassembled transcription complex (17) . A similar inhibition of transcription follows the association of histone Hi with histone Hldeficient chromatin that has already been programmed with transcription complexes (47, 57) . Most of the experiments described above use the sequential addition of histones or transcription factors to a plasmid molecule containing a 5S RNA gene. In vivo, chromatin assembly and transcription complex assembly are likely to occur simultaneously on a replicating template (58, 64) . In attempting to reconstruct the in vivo situation in vitro, we have previously shown that (i) chromatin assembly is coupled to DNA replication in extracts of Xenopus eggs, (ii) the assembly of physiologically spaced chromatin is dependent on the addition of exogenous Mg2" ATP, and (iii) a competition exists between transcription factors and histones for association with the replicated template (3) (4) (5) . In this communication we first describe the assembly of a transcriptionally active chromatin template. We next show that the organization of this active chromatin can be altered by the late addition of Mg2" ATP or of a mixture of purified histones H2A and H2B. Concomitant with this reorganization of the active chromatin into a structure consisting of physiologically spaced nucleosomes, a transcriptionally active 5S RNA gene is selectively repressed relative to tran-in a Beckman 5OTi rotor. The extract was stored in small aliquots at -80°C.
Preparation of radiolabeled proteins in the Xenopus egg extract. Low-speed Xenopus egg extract was prepared as previously described (29) . L-[35S]methionine was incorporated into proteins by using these extracts as previously described (36) . After a 2-h incubation, we proceeded to prepare the high-speed Xenopus egg extract (3) (4) (5) . The incorporation of L-[35S]methionine into proteins was assessed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). It should be noted that each Xenopus histone H2A molecule has zero methionines, histone H2B has two, histone H3 has two, and histone H4 has one (54) .
Preparation of PJ iA. DNA from bacteriophage M13mpl8 was prepared fro phage purified by buoyant density centrifugation. Doubl; stranded form I M13 DNA was prepared as previously described (4) . We prepared 32P-labeled doublestranded form I M13 DNA by incubating single-stranded M13 in the egg extract in presence of [ot-32P]dATP and purifying the replicated DNA. Class III genes were cloned in M13 DNA as previously described (5, 28) .
DNA synthesis, chromatin assembly, and transcription reactions. Unless otherwise specified, our standard reaction mixtures contained 10 to 20 ,ug of DNA per ml of egg extract without exogenous Mg2+ ATP. Unless stated to the contrary, a reaction was allowed to proceed for 180 min before exogenous 3 mM ATP and 5 mM MgCl2 was added. A minimum of 30 min was allowed for chromatin structural changes to occur. We added 10 to 15 ,uCi of [a-32P]dATP per ml to monitor the DNA synthesis. At various times after incubation at 22°C, samples were taken and either transferred to Whatman GF/C filters and processed for the counting of acid-insoluble material as previously described (34) , or processed for gel electrophoresis. When subjected to electrophoresis, the samples were deproteinized by phenol extraction after proteinase K (500 pg/ml) treatment. Each transcription reaction contained duplex DNA at a final concentration of 10 to 20 ,ug/ml, 500 ,uM ATP, 500 ,M UTP, 500 ,uM CTP, 100 ,M GTP, 10 ,uCi of [ot-32P]GTP (3,000 Ci/mmol), and 5 U of human placental RNase inhibitor (Bethesda Research Laboratories). Reactions were incubated for the times indicated. The samples were then processed for sequencing-gel analysis as previously described (59) . In all transcription reactions with SS DNA, an excess of TFIIIA was added (generally 50 ng/,ul of extract). This represents a 200-to 500-fold molar excess over the gene sequence. We have previously documented the inhibitory properties of egg extracts on transcription (59) . Our TFIIIA preparations are at least 20% active, as a fivefold molar excess is sufficient to give complete protection of the internal promoter elements of the SS RNA gene from DNase I. TFIIIA was mixed with DNA before addition of the extract. We have never detected any significant differences in the results if TFIIIA is mixed with the extract before DNA is added (5) .
To assess the presence or absence of intact transcription complexes on assembled minichromosomes, we made use of the differential stability of chromatin and transcription complexes to salt (45, 51) . Transcription complexes on Xenopus class III genes resist 0.5 M NaCl, although RNA polymerase III dissociates (45, 62) . The physiological spacing of nucleosomes is disrupted following treatment with 0.5 M NaCI (checked by micrococcal nuclease digestion). The reaction mixture was therefore made 0.5 M with NaCl, incubated for 10 min at room temperature, and then pelleted in a microcentrifuge at 10,000 x g for 5 min through 7% sucrose containing 1 x J buffer. Transcription was reconstituted either with oocyte nuclear extract (8, 56) or with 60 U of purified RNA polymerase III (14) .
Preparation of transcription factors, fractions, and histones. TFIIIA, TFIIIB, TFIIIC, and RNA polymerase III were purified by using accepted procedures: TFIIIA was isolated from 7S storage particles; RNA polymerase III was isolated from Xenopus ovaries (14) ; and TFIIIB and TFIIIC were isolated from egg homogenates as detailed below (46) . Activated egg extract was dialyzed against buffer A (20 mM HEPES [pH 7.5], 20% glycerol, 0.1 mM EDTA, 0.5 mM spermine, 0.5 mM dithiothreitol) for 6 to 8 h and applied to a P-11 column which had been previously equilibrated with buffer A. The column was washed with the same buffer, and the bound proteins were step-eluted with buffer A containing increasing concentrations of KCI. Transcription factor TFI IIA was step-eluted from the column with buffer A containing 0.1 M KCI (2 column volumes). Transcription factor TFIIIB was step-eluted from the column with buffer A containing 0.3 M KCI (2 column volumes). The column was washed with 5 column volumes of buffer A containing 0.3 M KCI, and then transcription factor TFIIIC was step-eluted from the column with buffer A containing 1 M KCI. For this and subsequent chromatography, fractions equivalent to 20% of the bed volume were collected and protein concentration was estimated from A280 and A260 measurements.
Fractions were pooled such that the combined fraction contained ca. 80% of the protein eluting in a particular step elution. The TFIIIB fraction was dialyzed into buffer A containing 0.1 M KCI and frozen at -70°C; the final concentration was 1.8 mg/ml.
For the removal of RNA polymerase III from the TFIIIC fraction, the pooled 1 M KCl step fractions from the P-11 column were dialyzed against buffer A containing 0.3 M KCI for 2 to 4 h and subsequently applied to a DEAE-Sephadex column which had been equilibrated with the same buffer. The column was then washed with equilibration buffer until the A280 was <0.01. Flowthrough fractions containing -95% of the input protein were pooled and dialyzed for 4 to 6 h against buffer A containing 0.1 mM KCI, assayed, and stored in aliquots at -70°C. The final protein concentration of this TFIIIC fraction was ca. 0.6 mg/ml. Neither activity is substantially enriched by these procedures; however, control experiments indicated that the fractions were not functionally contaminated with each other or with TFIIIA. Both fractions were dialyzed into buffer A containing 0.1 M KCI and frozen at -70°C. Histones were purified from Xenopus and chicken erythrocytes (49) .
Sucrose gradient centrifugation. The conditions used for purifying minichromosomes have been described previously (47, 48) . Chromatin assembled under the various conditions (1-ml reaction mixtures) as indicated were analyzed by centrifugation in linear 7 to 30% sucrose gradients. Centrifugation was carried out in 80 mM NaCl-10 mM Tris hydrochloride-0.2 mM ethylene glycol-bis(P-aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA) in a Beckman SW41 rotor at 22,000 rpm for 16 h at 4°C. Proteins associated with minichromosomes were resolved on SDS-15% polyacrylamide gels and silver stained (65 (62) . Primer extension footprinting of circular DNA molecules was carried out as described previously (24) . Single-stranded M13-5S was replicated in the egg extract supplemented with 200 ng of TFIIIA per ml. This DNA was then digested lightly with various amounts of DNase I. Samples were then processed as described previously (59) .
Unless otherwise specified, chromatin assembly reactions were digested by micrococcal nuclease (150 U/,ug of assembled DNA) after addition of 3 mM CaCI2. Aliquots were taken during digestion, made up to 30 mM EDTA and 0.5% SDS, and treated as described previously (5), either for gel electrophoresis or for counting of acid-insoluble material. Single-round transcription assays. A modification of previously described procedures was used for single-round transcription assays (26) . Transcription complexes were assembled onto SS RNA genes in the egg extract in the absence of exogenous Mg2+ ATP by using either nonreplicating doublestranded templates or replicating single-stranded templates for 2 h. At the end of this time, CTP and UTP were added to 500 ,uM and GTP was added to 20 ,uM; 10 ,uCi of [a-32P]GTP was also added. After 10 min, ATP was added to 500 puM and heparin was added to 200 ,ug/ml. After a 5-min incubation to allow elongation, RNA was isolated.
RESULTS
Differential class III gene transcription related to chromatin structure. The organization of chromatin assembled in Xenopus egg or oocyte extracts is highly dependent on the presence or absence of exogenous Mg2+ ATP (4, 20) . This is also true for chromatin assembly in mammalian whole-cell extracts (6) . Earlier work has demonstrated a coupling of the assembly of physiologically spaced nucleosomes with DNA replication in the presence of exogenous Mg2+ ATP (3). Physiologically spaced nucleosomes (180-to 190-bp spacing [66] ) could also be assembled on nonreplicating duplex DNA in the presence of exogenous Mg2+ ATP. Without exogenous Mg2+ ATP, only a disordered histone-DNA complex was assembled on duplex DNA, which nevertheless was supercoiled (4). We initially confirmed that in the absence of exogenous Mg2+ ATP, a supercoiled but disordered histone-DNA complex would be assembled on replicating singlestranded DNA (Fig. 1A) (data not shown).
We next examined whether the late addition of exogenous Mg2+ ATP to the chromatin template assembled by using replicating single-stranded DNA in the egg extract would affect the chromatin structure. As expected, chromatin assembled on replicating single-stranded DNA in the presence of exogenous Mg2+ ATP shows a more regular nucleosomal array upon digestion with micrococcal nuclease than does chromatin assembled in the absence of exogenous Mg2+ ATP (Fig. 1A , compare lanes 1 and 2 with lanes 3 and 4). The late addition of exogenous Mg2+ ATP to the histone-DNA complex initially assembled without exogenous Mg2+ ATP substantially orders the nucleosomal array (Fig. 1A , lanes 5 and 6). Analysis of more extensive digestions on acrylamide gels (Fig. 1B) shows that without exogenous Mg2+ ATP, DNA fragments of around 146 bp (reflecting a defined nucleosome structure) do not accumulate significantly during micrococcal nuclease digestion. However, the 10-to 11-bp periodicity seen following DNase I digestion, and presumably reflecting the wrapping of the DNA helix around the surface of the histone octamer, is identical with or without exogenous Mg2e ATP (Fig. 1C) (33) . This indicates that without exogenous Mg2+ ATP, some aspects of normal nucleosome organization are assembled.
We suggest that the addition of exogenous Mg2+ ATP causes both an organization of the histone octamers relative to each other and a change in the mode of interaction of DNA with histones. Importantly, the effects of Mg2+ ATP can occur after the histone-DNA complex has been assembled. We can therefore separate the organization of nucleosomes from the actual replication of DNA. The molecular basis for this reorganization of chromatin is examined in more detail below.
We next determined whether these transitions in chromatin structure affected transcription. We have previously shown that in the presence of exogenous Mg2+ ATP, replicating 5S DNA is repressed by chromatin assembly whereas replicating satellite I DNA is not (5) . Unexpectedly, we found that in the absence of exogenous Mg2+ ATP, both satellite I DNA and 5S DNA are transcriptionally active with replicating single-stranded DNA as a template ( Fig. 2A , lane 1) (data not shown). Both 5S and satellite I DNA require TFIIIC, TFIIIB, and RNA polymerase III to be actively transcribed, and 5S DNA requires an additional factor called TFIIIA (16, 44, 46) . Our experiments include the use of an excess of TFIIIA (5) Similar results are obtained with satellite I and 5S DNA cloned in cis (data not shown). It should be noted that in 10 different experiments in which this methodology was used, transcription of satellite I DNA is reduced as much as 3-fold, whereas transcription of somatic 5S DNA is reduced 10-to 20-fold. The reasons for this variability are unknown; however, it seems likely that the same inhibitory effects on 5S RNA gene transcription occur to a lesser extent on satellite I DNA (see Discussion). Changes in relative transcription efficiencies of the two class III genes can therefore be uncoupled from the actual replication of DNA. This implies that differential gene activity need not require an immediate competition between transcription factors and histones on newly replicated DNA (5, 12) .
The inactivation of 5S RNA gene transcription might be a consequence of alterations in the 5S RNA gene transcription complex independent of chromatin structure. We tested this possibility by assembling transcription complexes in oocyte nuclear extract on duplex DNA (8) . Under these conditions, chromatin assembly does not occur (61) . Supplementation of the reaction mixture of satellite I DNA and 5S DNA with exogenous Mg2+ ATP to the concentration used in the egg extract does not change the ratio of satellite I to 5S RNA gene transcription (Fig. 2B , compare lane 3 with 4). In other experiments, we have shown that under these reaction conditions the stability of association of transcription factors with naked duplex DNA is comparable for satellite I and 5S DNA in the presence or absence of Mg2e ATP (5, 57). We suggest that chromatin assembly is necessary for the repression of SS DNA (see also reference 5) and next investigated the protein composition of chromatin in the presence or absence of exogenous Mg2+ ATP.
Preliminary experiments involving radiolabeling of histones in Xenopus egg extract by translating endogenous mRNA (36) had suggested that histone H2B was deficient in chromatin assembled in the absence of exogenous Mg2+ ATP. We scaled up the assembly reactions to make a more direct determination of histone content in the minichromo-VOL. 1 (Fig. 4B) . In parallel, the transcription of somatic 5S and satellite I DNA was examined. Somatic 5S DNA is selectively repressed relative to satellite I DNA as histones H2A and H2B are titrated into the reaction mixture (Fig. 4C) (Fig. 5A) . None of these changes provides convincing evidence for the assembly of a rotationally or translationally positioned nucleosome on 5S DNA. However, control experiments confirmed the efficient assembly of chromatin (5) in parallel reactions. We conclude that in these experiments, repression of somatic 5S RNA gene transcription does not require a precisely positioned nucleosome.
It is also significant that protection of the internal promoter elements of 5S DNA by TFIIIA is not apparent following the assembly of replicating 5S DNA into chromatin (Fig. 5A, compare lane 2 with lanes 3, 4, and 5 ). This result is consistent with the instability of TFIIIA binding to 5S DNA during chromatin assembly in the absence of transcription complex formation (17, 53) .
We believe that the absence of a complete transcription complex footprint from the 5S RNA gene in any of the assembly reactions is due to the inefficiency of transcription in the egg extract. An accurate way to assess the fraction of template involved in transcription has been described by Kassavetis et al. (26 Previous experiments have suggested that the transcriptional inactivity of 5S DNA is explained by the very low (<1%) efficiency of transcription complex formation when chromatin assembly occurs on replicating DNA in the presence of exogenous Mg2' ATP (see reference 5 for a discussion of alternatives). We next demonstrated that this observation is also true for 5S DNA repressed following the late addition of exogenous Mg2' ATP to a transcriptionally active chromatin template (Fig. 6A) . The repression of somatic 5S DNA transcription caused by the late addition of exogenous Mg2+ ATP to chromatin assembled on replicating single-stranded templates (Fig. 6A, compare lanes 1 and 2) is not relieved following a salt wash of chromatin and addition of RNA polymerase III (Fig. 6A, lane 3) , even though the chromatin structure is disrupted (Fig. 6B) . The maintenance of differential gene activity following chromatin disruption and the addition of RNA polymerase III shows that the transcription pattern of intact chromatin reflects the presence or absence of transcription complexes present on the genes and not secondary effects due to chromatin structure (11, 45) . This conclusion is supported by the failure of the complete transcription extract to activate transcription when the chromatin structure of the minichromosome is not disrupted (Fig. 6A, lane 7) . When the chromatin structure is disrupted, the complete extract (lane 6), but not RNA polymerase III (lane 3), is capable of activating the transcription of 5S DNA. The disrupted chromatin is therefore accessible to trans-acting factors. We conclude that the 5S RNA gene transcription complex is disrupted following the late addition of Mg2+ ATP and the concomitant reorganization of chromatin structure.
The disruption of the 5S RNA gene transcription complex could be a consequence of the dissociation of all of the transcription factors from the gene or of the dissociation of a single factor. We first asked whether the DNA-binding transcription factor TFIIIA itself was dissociated from the 5S RNA gene transcription complex under the conditions of repression by making use of either an intact oocyte nuclear extract or a preparation that had been depleted of TFIIIA by using specific antibodies (37) (Fig. 6C, lane 2) . Chromatin in which 5S DNA was repressed was prepared by replicating a mixture of single-stranded satellite I and 5S DNA in the absence of exogenous Mg2+ ATP. Exogenous Mg2+ ATP was then added to the transcriptionally active histone-DNA complex in the extract as described above. Only satellite I DNA is active when this native, unwashed chromatin is supplemented with oocyte nuclear extract (Fig. 6C, lanes 3  and 5) . However, when this chromatin is washed with 0.5 M salt and then supplemented with either oocyte nuclear extract (lane 4) or the oocyte nuclear extract from which TFIIIA had been functionally depleted (lane 6), 5S RNA gene transcription is stimulated. This result demonstrates that oocyte nuclear extract from which TFIIIA was depleted can selectively stimulate 5S RNA gene transcription. This the same reaction as in lane 3, except that heparin was added after three of the ribonucleotides (including [a-32P]GTP), but no ATP was added to the reaction. Lane 5 shows a single-round transcription assay in which heparin was added after the radioactive precursor and three ribonucleotides but before the fourth ribonucleotide (ATP). Lane 6 shows the same reaction as in lane 5, except that replicating single-stranded DNA was used as a substrate. result implies that TFIIIC or TFIIIB (or both factors) is limiting for 5S DNA transcription. This effect is selective because although satellite I DNA shares activities in these fractions, it is not repressed. TFIIIA alone dissociates from 5S DNA in the extract (Fig. 5A) , so we presume that the reason the protein does not dissociate in repressed chromatin is that it is (or has been) complexed with another protein.
Finally we made use of the same protocol and a fractionated transcription system to examine whether TFIIIB or TFIIIC is displaced from the transcription complex as a consequence of the chromatin-mediated repression of transcription. TFIIIA, TFIIIB, and TFIIIC in the presence of RNA polymerase III will activate the transcription of 5S RNA gene within salt-washed chromatin (Fig. 7) . TFIIIA and TFIIIC have no effect in the presence of RNA polymerase III. However, TFIIIB stimulates 5S DNA transcription in the presence of RNA polymerase III. This stimulation of transcription is less than that seen with all three fractions together, suggesting that there may be some loss of other factors during repression. We conclude that TFIIIB is selectively displaced from the 5S RNA gene transcription complex following the reorganization of chromatin structure dependent on exogenous Mg2+ ATP.
DISCUSSION
The major conclusion of this work is that it is possible to assemble a transcriptionally active chromatin template, to alter the structure of this chromatin, and thereby to selectively disrupt a transcription complex assembled on a 5S RNA gene. A distinct transcription complex assembled on satellite I DNA is not disrupted by this transition in chromatin structure. The experiments reported here extend results of recently published work describing the repression of actively transcribing 5S RNA genes on chromatin at high nucleosome densities (17) (7, 31, 45, 55) . The stability of the TFIIIA-TFI-IIC-5S DNA complex reflects that of the entire transcription complex (55) . In this respect, transcription complexes assembled on Xenopus SS RNA genes would appear to differ from those on Saccharomyces cerevisiae SS DNA. In S. cerevisiae, TFIIIB is the most strongly bound transcription factor. TFIIIA and TFIIIC appear dispensable for the initiation of transcription by RNA polymerase III (26) . As in S. cerevisiae, TFIIIB is still essential for transcription initiation on the Xenopus SS RNA gene (7, 45) . However, indirect evidence suggests that TFIIIA and TFIIIC may also be essential for transcription initiation in X. laevis (45, 50, 62) . Our results suggest that the complex of TFIIIA and TFIIIC on a Xenopus somatic 5S RNA gene will be stable in an ordered array of nucleosomes, whereas TFIIIB will dissociate from the transcription complex (Fig. 7) . It should be noted that all of these experiments concern the immature oocyte form of TFIIIA (37 (Fig. 5) . TFIIIA gradually dissociates from 5S RNA genes in crude oocyte or egg extracts (48, 53, 59) . The efficiency with which transcription occurs in Xenopus egg or oocyte extracts suggests that the number of 5S RNA genes to which TFIIIC and TFIIIB bind is not large enough to visualize a complete transcription complex footprint on DNase I digestion (22, 62, 63) . However, under conditions that allow very efficient transcription, it appears that TFIIIB interacts with DNA within both the Xenopus and Saccharomyces transcription complexes around the beginning of the 5S RNA gene (26, 63) . This region is potentially the strongest region of DNA histone interaction in a nucleosome assembled on this particular Xenopus somatic 5S RNA gene (38, 39) . Consequently, competitive interaction between histones and transcription factors might be strongest at the start of the 5S RNA gene, where TFIIIB binds, rather than at the periphery of the nucleosome, where TFIIIA can bind under certain conditions (39; however, see references 21 and 48). Future experiments will test these possibilities with the transcription fractions and nucleosomes reconstituted with purified histones on 5S DNA fragments.
We do not know why a 5S RNA gene transcription complex, but not the complex assembled on satellite I DNA, is disrupted as a consequence of chromatin structural transitions. There is always a variable amount of inhibition of satellite I DNA transcription following the addition of Mg2+ ATP or a mixture of exogenous histones H2A and H2B. It is likely that the transition in chromatin structure also affects satellite I DNA. It is possible that just as the internal promoter elements of the two genes differ, so might some of the transcription factors associated with them. There is evidence supporting the existence of distinct activities in TFIIIC fractions that associate differently with the two types of gene (19) . The protein-protein interactions within transcription complexes on satellite I and 5S DNA may therefore differ, and hence their response to chromatin structural changes will also differ.
Staged assembly of chromatin and transcription process. Recent experiments have demonstrated that a complex of histones H3 and H4 with 5S DNA does not prevent the transcriptional activation of 5S RNA genes by a complete or fractionated transcription system (53, 56) . Moreover, nucleosome assembly in Xenopus extracts on duplex DNA is known to be a two-step phenomenon (15, 27) in which histones H3 and H4 are deposited before histones H2A and H2B. Chromatin assembly on replicating DNA appears to be similar to that on duplex DNA, except that the deposition of histones onto the replicating template may be facilitated (2a, 18 (Fig. 3, 4, and 6 ). The exogenous Mg2+ ATP may exert its effects by maintaining the phosphorylation state of nucleoplasmin, which is important for efficient nucleosome assembly (43) . In vivo, nucleoplasmin is believed to be responsible for the deposition of histones H2A and H2B onto DNA (15 (Fig. 1) . The significance of the accessibility of transcription factors to replicating DNA packaged predominantly with histones H3 and H4 is that this would potentially allowv any gene to be assembled into transcription complexes for which transcription factors are available during replication. Whether the gene remained active during the later maturation of chromatin may well depend on the equilibrium binding of these transcription factors in the final chromatin structure (see references 52 and 60 for further discussion).
The disruption of transcription complexes as a consequence of chromatin structural transitions provides a means of regulating gene expression that would depend on relatively long-range structural organization, or at least on nucleosome-nucleosome interactions (for an in vivo example, see reference 40) . The reversible maintenance of local order or disorder in chromatin may be an important regulatory mechanism in eucaryotic gene expression, perhaps mediated by phosphorylation and dephosphorylation events (41) . Nucleosomal arrays are known to be correlated with the repression of specific genes (1, 2, 25) . However, the mechanisms regulating the appearance and disruption of the regular spacing of nucleosomes in chromatin in vivo are not understood. The selective repression of 5S RNA genes in nucleosomal arrays offers an experimental system with which to examine the molecular mechanisms responsible for generating such chromatin structures and their significance for transcription.
